Abstract: Densities (ρ), viscosities (η), ultrasonic velocities (u) and conductivities (κ) have been measured by using specific gravity bottle, Ostwald's viscometer, single frequency ultrasonic interferometer (6 MHz frequency) and conductivity meter respectively for aqueous solutions of sodium chloride and potassium chloride at different concentrations (w/w). Various acoustical parameters viz. adiabatic compressibility (β ad ), intermolecular free length (L f ), acoustical impedance (Z), relaxation time (τ), rao's constant (R M ), wada's constant (W), free volume (V f ), absorption coefficient (α/f 2 ), gibb's free energy (∆G), relative association (R A ) and available volume (V a ) were calculated from these experimental data. The results are interpreted in terms of molecular interactions between components of solutions.
Introduction
Ultrasonic velocity of sound waves in a medium is essentially related to the binding forces between the molecules. Ultrasonic technique has been effectively employed to study the properties of any substance to understand the nature of molecular interactions in pure liquid 1 , liquid mixtures [2] [3] [4] [5] and ionic interactions in electrolytic solutions [6] [7] . The physicochemical behaviour and molecular interaction in pure liquid components and their mixtures is studied on the basis of acoustic and thermodynamic properties 8 . Literature survey shows that ultrasonic study of liquid mixture is highly useful in understanding the nature of molecular interaction [9] [10] [11] and physicochemical behaviour of liquid mixture 2, [12] [13] . Molecular properties in liquid state are very useful in chemical analysis, thermodynamic and physical properties. In the present work, an attempt has been made to investigate the behaviour of binary solutions of water with sodium chloride and potassium chloride with regard to adiabatic compressibility, intermolecular free length, acoustical impedance, relaxation time, rao's constant, wada's constant, free volume, absorption coefficient, Gibb's free energy, relative association and available volume from ultrasonic measurements. The conductivity was also measured at various concentrations. Dissolution of an electrolyte in water is accompanied by electrostriction of the solvent beneath the action of electrostatic fields of newly produced ions 14 . Sodium chloride is used as common salt for domestic purpose. It is used to produce sodium carbonate and calcium chloride via the solvay process. Potassium chloride is used in medicine, lethal injections, scientific applications and food processing. It is also used as a fire extinguishing agent. Moreover, it is used for the manufacture of potassium hydroxide and potassium metal.
Experimental
The chemicals used in the present work were analytical reagent (AR). In all systems, the various concentrations of the binary mixtures were prepared in terms of % (w/w). Water used was prepared by distilling ordinary water thrice over alkaline KMnO 4 in all glass apparatus. The specific conductance of water so obtained was 1.3x10
Density measurement
The density of aqueous solutions is measured using a 10 mL specific gravity bottle. The temperature is maintained constant by immersing the bottle in Juloba thermostat for 15 min. The density can be calculated using the formula
Where, w 1 , is the weight of the distilled water, w 2 , that of weight of the experimental liquid, ρ 1 , is the density of water, ρ 2 , that of the experimental liquid, Density of water is taken from the literature.
Viscosity measurement
The viscosity of the aqueous solutions is measured using an Ostwald's viscometer calibrated with doubly distilled water. The Ostwald's Viscometer with the experimental liquid is immersed in a temperature controlled water bath. An electronic stop watch was employed to measure the time of flow. The viscosity can be calculated using the formula,
Where, η 1 , is the viscosity of water, t 1 , is the time of flow of water, ρ 1 , is the density of water, η 2 , is the viscosity of the experimental liquid, t 2 , is the time of flow of the experimental liquid, ρ 2 , is the density of the experimental liquid.
Velocity measurement
An ultrasonic interferometer is a simple and direct device, Figure 1 to determine the ultrasonic velocity in pure liquids and liquid mixtures with high degree of accuracy. To evaluate ultrasonic velocity, an ultrasonic interferometer provided by mittal enterprises, New Delhi was used as shown in Figure 2 . The principle used in the measurement of velocity 'v' is based on the accurate determination of the wavelength 'λ' in the medium. Ultrasonic waves of known frequency 'f ' are produced by a quartz plate fixed at the bottom of the cell. The waves are reflected by a movable metallic plate kept parallel to quartz plate. Standing waves are formed in the medium if the separation between the plates is exactly a whole multiple of sound wavelength. The acoustic resonance give rise to an electrical reaction on the generator driving the quartz plate and the anode current of the generator become maximum. 
Conductivity measurement
Conductivity measurements are carried out using Conductivity meter. Before and after measurements, the instrument was calibrated with KCl solution. Each measurement was repeated three times and the average values were calculated.
Theory
From the observed values the adiabatic compressibility (β ad ), intermolecular free length (L f ), acoustic impedance (Z), relaxation time (τ), Rao's constant (R M ), Wada's constant (W), free volume (V f ), absorption coefficient (α/f 2 ), Gibb's free energy (∆G), relative association (R A ) and available volume (V a ) were calculated. By using ultrasonic velocity data, adiabatic compressibility was calculated by using the equation,
Where, u = velocity & ρ = density, Intermolecular free length is determined using the following formula given by Jacobson,
Acoustic impedance is determined from equation,
The relaxation time (τ) can be calculated from the relation,
Rao's constant is calculated by using following equation,
Wada's constant is calculated by following equation,
Free volume is calculated by following equation,
Where M eff is the effective molecular weight, which is expressed as M eff = Σ M=m i x i where, x and m are the mole fraction and molecular weight of the individual component in the mixture respectively. K is the temperature independent constant and its value is 4.28x10 9 . Absorption coefficient can be calculated using the relation,
Gibbs free energy is calculated from acoustic relaxation time (τ) as follows,
Relative association is a function of ultrasonic velocity and is calculated by the equation,
The available volume is a direct measure of compactness in the liquid and the strength of attraction between the molecules of a liquid or a liquid mixture. It can be calculated from Schaaf's relation,
Results and Discussion
The experimentally determined values of density (ρ), viscosity (η), ultrasonic velocity (u) and conductivity (κ) of two systems at 308.15 K are represented in Table 1 . The values of adiabatic compressibility (β), free length (L f ), acoustical impedance (z), relaxation time () and Rao's constant (R M ) of the above two systems are evaluated and are presented Table 2. Table 3 presents Wada's constant (W), free volume (V f ), absorption coefficient (/f 2 ), Gibb's free energy (ΔG), relative association (R A ) and available volume (V a ). In the present investigation, in all the two liquid systems, viscosity, density, ultrasonic velocity and conductivity increases with increasing molar concentrations of salts. The increase of density with increase in concentration of solute suggests a fair strong electrolytic interaction between solute and solvent molecules. The value of adiabatic compressibility (β) and intermolecular free length (L f ) shows an opposite behaviour as compared to the ultrasonic velocity (u). It is chiefly the compressibility that decreases due to structural changes of molecules in the mixture leading to an increase in ultrasonic velocity. In general u and L f have been reported to vary inversely of each other with the composition of the mixture [15] [16] [17] [18] as in the present system. The free length decrease with increasing solute concentration indicates a significant interaction between solute and solvent molecules. It suggests a structure promoting behaviour on the addition of solute. The conductivity may provide information regarding the nature and strength of forces existing between the ions.
Further, an increase in acoustical impedance (Z) and relaxation time () with increase in concentration of the salt is noticed in both the systems. The behaviour of acoustic impedance becomes accountable for the transmission of ultrasonic waves. The relaxation time which is in the order of 10 -12 sec is due to structural relaxation process 19 and in such a condition it is suggested that the molecules get rearranged due to co-operative process 16 . The increasing trends of Rao's constant or molar sound velocity and Wada's constant or molar compressibility with concentration suggest the availability of more number of components in a given region thus leads to a close packing of the medium and thereby increase the interactions. The values of Wada's constant increase with increasing concentration indicate that there must be tight packing of the medium and hence interaction is increasing. Thus there may be solute-solvent interaction occurring. The molecules of liquid are not closely packed and as such there is always some free space between them. This free space is known as free volume. A decrease in free volume with increase in concentration of the salt is noticed in both the systems which show that solute solvent molecules are coming close to each other and the space between them is decreasing with rise in concentration. This supports to the strong solute -solvent interaction in aqueous solution.
The values of absorption coefficient, Gibb's free energy and relative association listed in the table show increasing trend with concentration whereas the values of available volume decreases with increase in concentration for both the aqueous solutions of sodium chloride and potassium chloride. The increasing value of Gibb's free energy with concentration shows appreciable interaction between solute and solvent molecules. The absorption coefficient trend and available volume trend confirms the earlier conclusions. Relative association evaluate the extent of association of the component in the mixture. The value of relative association increases with increase in concentration signifying strong interionic interaction.
From Figure 3 , it is apparent that conductivity increases with increase in concentration for both NaCl and KCl solutions. It is found that the KCl solution shows higher conductivity than NaCl solution. In the Figures 4 and 5 are presented the values for the adiabatic compressibility and intermolecular free length for aqueous solutions of NaCl and KCl versus concentration respectively. The adiabatic compressibility and intermolecular free length values for NaCl solutions are lesser than that of KCl solutions. As can be seen from Figure 6 the variation of free volume versus concentration for NaCl and KCl solutions. The values of free volume are higher for NaCl solutions. Figure 7 depicts the variation of Gibb's free energy change versus concentration for both NaCl and KCl solutions. The ultrasonic velocity values and other acoustical properties vary with concentration and these variations indicate a greater association of the molecules. The increase in the ultrasonic velocity in any solution usually indicates a greater association of the molecules in them. The greater association is due to ionic hydration of the solute. NaCl and KCl are strong electrolytes which dissolve in water to form Na + , Cl -and K + , Cl -ions respectively. A greater cohesion in the solution is introduced as water molecules are attached to the ions strongly by electrostatic forces of interaction. 
Comparison of NaCl and KCl data
The ionic radii of sodium, potassium and chlorine are 0.95A 0 , 1.33A 0 and 1.81A 0 . The Na + ions are more solvated than K + ions because of their size greater than that of K + ions. Due to this, the adiabatic compressibility of NaCl solution is found to be lesser in comparison with KCl solution. Also the densities of aqueous solution of KCl are found to be larger than the densities of aqueous solution of NaCl. It has been found that both NaCl and KCl have structure forming tendency in the solvent system. The conductivities of KCl solution are found to be higher than the conductivities of NaCl solution. This is because of the fact that smaller ions are largely hydrated than bigger sized ions. So, Na + ions are largely hydrated and hence they are less mobile than K + ions. This leads to higher conductivity values of KCl solution than NaCl solution.
Conclusion
The results of the present study signify that the ultrasonic velocity and other derived acoustic parameters depend on composition of the solution, which is indicative of the presence of molecular interaction. The computed acoustical parameters and their values point to the presence of specific molecular interaction in the mixtures. The systematic study of sodium chloride and potassium chloride in water has been carried out at different concentrations using ultrasonic experiments. The ultrasonic velocity data and other acoustical parameters confer valuable information to comprehend the solute-solvent interactions in the aqueous solutions. Hence it is concluded that the association in these mixtures is the result of electrostatic forces of interaction in binary liquid mixtures.
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